As microRNAs silence translation, rapid reversal of this process has emerged as an attractive mechanism for driving de novo protein synthesis mediating neuronal plasticity. Herein, we summarize recent studies identifying neuronal stimuli that trigger rapid decreases in microRNA levels and reverse translational silencing of plasticity transcripts. Although these findings indicate that neuronal stimulation elicits rapid degradation of selected microRNAs, we are only beginning to decipher the molecular pathways involved. Accordingly, we present an overview of several molecular pathways implicated in mediating microRNA degradation: Lin-28, translin/trax, and MCPIP1. As these degradation pathways target distinct subsets of microRNAs, they enable neurons to reverse silencing rapidly, yet selectively.
Introduction
Compelling evidence showing that long-term memory and enduring forms of synaptic plasticity require de novo protein synthesis has focused attention on the signaling pathways linking neuronal stimulation to protein translation (Mayford, Siegelbaum, & Kandel, 2012) . Furthermore, evidence that defects in these pathways contribute to the pathophysiology of cognitive disorders has stimulated interest in deciphering how they operate (Kindler & Kreienkamp, 2012; Richter, Bassell, & Klann, 2015) . As the microRNA system plays a prominent role in silencing protein translation, the possibility that neuronal stimulation triggers translation by reversing silencing has emerged as an attractive mechanism. In this review, we summarize recent studies demonstrating that neuronal stimulation can trigger rapid decreases in microRNA levels that lead to rapid reversal of translational silencing. Furthermore, as these studies indicate that rapid degradation of microRNAs plays a key role in reversing silencing, we present an overview of several molecular pathways implicated in this process.
Viewing microRNAs as second messengers
Unlike other second messenger systems, such as the cyclic AMP and phosphoinositide systems, which were originally identified as mediators of extracellular signals on cellular function, the discovery of the microRNA system emerged from studies of C. elegans development (Ruvkun, 2008) and RNA-mediated silencing (Bartel, 2004; Fire et al., 1998) . This pivotal advance revealed that cells have a sophisticated system for delaying translation of transcripts until needed.
To understand the operation of this complex and novel system, investigators initially focused on deciphering how microRNAs are made and how they silence translation. Accordingly, we now have a reasonably clear idea of microRNA biosynthesis (Fig. 1) and have identified key components of the silencing process (Bartel, 2009; Eacker, Dawson, & Dawson, 2013) . However, we are only beginning to discern how this system responds to extracellular signals, i.e. functions as a second messenger system that enables neuronal stimulation to trigger translation by reversing silencing. This area is particularly timely in light of recent studies, summarized below, indicating that reversal of silencing plays a key role in driving translation of plasticity transcripts.
